Numerous bacteriological studies have been made clinically of the periapical region, but unfortunately the findings of the teeth have been inadequately correlated with the bacteriological results. Moreover, the emphasis has been placed on pulpless teeth or on those showing periapical roentgenological changes; studies made on normal teeth have been comparatively few. This made difficult an evaluation of the results obtained from teeth with periapical roentgenological lesions. The studies reported in the literature deal mostly with extracted teeth where limitations of the bacteriological procedures are obvious.
Numerous bacteriological studies have been made clinically of the periapical region, but unfortunately the findings of the teeth have been inadequately correlated with the bacteriological results. Moreover, the emphasis has been placed on pulpless teeth or on those showing periapical roentgenological changes; studies made on normal teeth have been comparatively few. This made difficult an evaluation of the results obtained from teeth with periapical roentgenological lesions. The studies reported in the literature deal mostly with extracted teeth where limitations of the bacteriological procedures are obvious.
In the present study post-mortem material has been utilized for the correlation of the periapical bacteriological findings with the clinical conditions of the teeth and the individual roentgenological lesions. In addition, the use of this type of material permitted certain technical methods and examinations which would be impossible in the living subject. Adequate numbers of normal teeth were also secured for examination, thus aiding in the evaluation of the bacteriological methods employed and the results obtained. The serial histological sections prepared of the teeth and lesions cultured provided a histological control of significance. A more or less complete history for each patient was available in the New Haven Hospital records. The other post-mortem findings, which included gross and microscopic examinations of the viscera, as well as bacteriological studies of the blood and organs, were also available for correlation with the dental findings.
*The data presented herein are derived in part from a Thesis presented to the Faculty of the School of Medicine in candidacy for the degree of Doctor of Medicine. This is a contribution from the Dental Study Unit. The research was supported by grants from the Rockefeller and the Carnegie Foundations. Review of the Literature Clinical and laboratory evidence substantiating the concept of focal infection began to accumulate about 1914, and it was not long before more definite knowledge was sought relative to the periapical lesion as a possible focus of infection. Numerous periapical bacteriological studies were soon reported and were evidence of awakened medical and dental interest. Furthermore, the newer developments in the science of bacteriology contributed to the renewed activity in these studies.
Extracted teeth were first used for periapical bacteriological studies; probably because of the ease with which they could be procured. A small group of investigators included normal or periapically roentgenologically negative teeth within their observations. Only a few studies have been made on teeth in situ by the method of exposing the root apex through the buccal mucosa and buccal plate of bone. The review of the literature which follows, and deals with the bacteriological study of the periapical region, will be presented according to these three general methods of obtaining material for bacteriological examination. This will facilitate a study of bacteriological findings when similar technical methods are used and will also permit a ready comparison of post-mortem cultures with clinical results obtained by similar culturing methods.
Extracted Teeth
The methods reported by the various investigators for aseptically removing the teeth prior to culturing varied only slightly in technic. A sterilizing solution, usually iodine, was applied several times to the tooth, adjacent gum tissues, and mucous membrane and the operating field was isolated from the rest of the oral cavity with sterile gauze. The tooth was then carefully removed and cultures or smears were made from the periapical region.
The results obtained by this method were in general agreement. Streptococci were the organisms most frequently recovered from the teeth with periapical radiolucent areas and the predominating strain was of the green-producing type. Streptococcus viridans was recovered in every instance by Broderick,7 and by Collins In most of the studies based on material secured from extracted teeth a high percentage of positive cultures was obtained from the periapical areas of roentgenologically positive teeth. Streptococci were most frequently recovered and Streptococcus viridans was the predominating type. Agglutination tests or animal inoculation experiments did not aid in the evaluation of the periapical lesion as the focus of infection. Detailed information as to the exact type of periapical lesion cultured and the clinical condition of the crown was lacking in many of the reports. No attempts were made to control the bacteriological methods by making examinations of normal or periapically roentgenologically negative teeth. From the analysis of these reports the question might arise whether or not the periapical findings were due to organisms actually in the periapical region or represented contaminations from the mouth flora during the extraction of the teeth.
Extracted Teeth with Controls
Other investigators have specified cultures from extracted normal vital teeth and teeth without periapical radiolucent areas as controls for their studies. The percentage of positive cultures obtained from the teeth with periapical radiolucent areas was similar to those obtained by the previous group, but the percentage of positive cultures obtained from the normal teeth varied greatly. Haden25 cultured 400 "vital X-ray negative teeth" and obtained 55 per cent of positive results. In Haden's opinion the high percentage of positive cultures obtained from the vital X-ray negative teeth in glucose-brain broth revealed the unsuitability of this particular medium for examinations of this kind. This assumption is not substantiated by the work of Rosenow and numerous other investigators using similar media and methods. Among them were Austin and Cook,3 who examined 100 vital teeth and obtained positive results in only four instances.
Rickert and his co-workers36 obtained a higher percentage of positive results from the apical region of the root canal of 21 vital teeth than from 74 pulpless teeth. Growth was obtained in all but one of the 14 X-ray negative teeth with "normal" puips that Rhoads and Dick35 examined. A quantitative bacteriological study of pulpless teeth correlated with the roentgenological findings in a report made by Cramer and Reith.14 The elaborate culturing routine and methods of controlling their technic were well con-ceived from the standpoint of excluding the possibility of contamination with the ordinary mouth flora when the tooth was extracted. Growth was observed three times from 25 X-ray negative pulpless teeth and five times from a control series of 34 vital X-ray negative teeth. Forty-two periapically roentgenologically negative teeth, including many normal teeth, were examined by Ellingham."5 The type of organism recovered was not studied, but growth was obtained from 57 per cent of the periapical areas.
The results obtained from teeth with periapical radiolucent areas were similar to those previously reported; however, widely variant findings were obtained on the bacteriological examination of normal or control teeth. The variations in results might be due to minor differences in the technical methods used by the individual workers or, conceivably, to differences in the frequency with which bacteria are present in the periapical region of normal teeth in certain individuals. The meager nature of the data and the widely variant results indicate that additional, better controlled technical methods are needed for the bacteriological evaluation-of the periapical region of normal teeth. As in the preceding class, the clinical condition of the tooth, the percentage of pure and mixed cultures, and the frequency of the different organisms recovered were often inadequately reported.
External Approach Method
The external approach method of culturing, first stressed by Appleton,1 afforded the most satisfactory technic for periapical bacteriological cultures. Both Bulleid8 and Bertwistle,4 who used extracted teeth for their studies, pointed out that by using this method all types of periapical lesions are suitable for bacteriological examination by satisfactory technical methods.
The material for culturing was obtained after the root tip and periapical area had been exposed by aseptic surgical procedures which consisted in elevating the buccal mucosa and removing the cortical bone over the apical area.
One of the first to utilize this procedure was Garvin20 who reported the bacteriological findings of 4 teeth subjected to repeated root amputations. In spite of the small number of observations he recovered bacteria from periapically X-ray negative teeth and no growths from roentgenologically positive teeth. From a control tooth staphylococci and streptococci were isolated. Berwick5 cul-tured 71 periapical radiolucent areas by this procedure. Growth occurred in all but 9 cultures which were obtained from three "necrotic areas," four "cysts," and two "areas of pericementitis." Tissues removed from three post-extraction sockets were also sterile. Non-hemolytic streptococci were the predominating organisms recovered. He stated that "occasional control cultures were alsQ made of areas appearing normal in the radiogram." "Bacteriological data failed on some occasions to confirm the original radiographic interpretation." From the periapical tissues of 15 cases of root resection examined by Lucas,29 Streptococcus viridans was recovered in pure culture S times, and was the predominating organism in the remaining cases.
A dental trocar was devised by Coriell"2 for obtaining material aseptically from the periapical region of teeth in situ. He stated that "In a great number of cases when I have attempted to obtain growth from X-ray positive teeth the results have been negative, and in a greater number of teeth where radiographic evidence has been negative I have had luxuriant growths." Grossman23 made numerous refinements to the original trocar technic, but there have been no published results of a large series of teeth examined by this method. This trocar represents an unique method for obtaining material for culture but the area from which the material is removed can not be determined definitely. The lipiodal injection modification suggested by Grossman 'enables a general localization of the area from which the material was obtained.
Both Garvin and Coriell were unable to correlate the bacteriological and roentgenological examinations in every case. The root amputation technic used by Berwick was more accurate and better controlled technically than was that of the two other investigators, but the series of teeth examined was small and the results of the control cultures were not definitely stated. He also concluded that it was not possible to ascertain from the X-ray film the existence of infection in the periapical region.
In its various modifications the external approach method of obtaining periapical cultures with the teeth in situ undoubtedly afforded the best method available for clinical periapical bacteriological studies. However, due to technical difficulties this method was of necessity limited to single-rooted and premolar teeth. In addition, the difficulty in obtaining permission to examine a sufficient number of normal teeth for control is readily understood.
The value of post-mortem visceral bacteriology was first established by Burn.9 He showed that the bacteriological findings from human necropsies cultured within a few hours after death do not differ significantly from those obtained 24-72 hours later, provided the bodies have been placed at 100 C. shortly after death. Furthermore experimental studies in animals revealed the effectiveness of this temperature as a factor in checking post-mortem invasion of even the known highly invasive types of bacteria. He has also shown that cultures taken shortly before death do not differ significantly from those obtained at necropsy.* With this background it was only natural that this type of material should be used for wellcontrolled periapical bacteriological studies. As early as 1928 Bertwistle suggested that "important advances might be made if all suspicious teeth found at necropsies . . . were extracted and cultures made of their contents." In this same year, during a bacteriological study of pyorrhea, Lazarus-Barlow obtained post-mortem cultures from 516 teeth. The material removed for culturing was procured by drilling through the buccal plate at three different levels; 3 mm. below the root apex, at the level of the root apex, and 3 mm. below the gingival margin. Bacteria were isolated from 20 per cent of the teeth examined. The majority of the cultures were obtained at the level 3 mm. below the gingival margin. Only six of the periapical regions were positive, and in three instances growth was obtained in the bone some distance from the apex. Streptococcus viridans was the organism most Before the specimen was removed a complete intra-oral examination was made, including X-ray examinations of all the teeth. The portion of the jaw to be removed was determined by the findings of the roentgenograms. The specimens were obtained from the maxilla with a chisel and mallet and from the mandible * Data supporting this conclusion are to be published in J. Infect. Dis. with a surgical bur. Adequate tissue-was always removed to avoid any disturbance of the periapical region. Specimens from the maxilla usually included portions of the maxillary sinus, and those from the mandible the mandibular canal. The resulting defect in the jaws was tightly packed with cotton soaked in 3 per cent celloidin to seal thoroughly the severed vessels and then the original facial contours were restored with softened modelling compound. The utmost care was exercised not to disfigure the lips and adjacent parts.
Roentgenological Technic
Due to the difficulties encountered in securing roentgenograms of adequate quality on the cadavers with the X-ray equipment in the autopsy room, repeat X-rays of the specimen were taken on a regular dental machine. The tube was arranged to throw the central rays through the specimen in the same plane as when the original dental roentgenograms were taken. A second film was used. in. the maxillary molar region with the central rays so angulated that the lingual roots were clearly visualized. The contrast and definition in these films were superior to the average intra-oral roentgenograms. They were used for all the roentgenological studies.
Bacteriological Technic
The lingual surface of the specimen was firmly fastened to a small wooden block with Kerr's modelling compound, which also covered the crowns of the teeth. This greatly stabilized the speamen during the culturing procedure. The wooden block was then clamped in a large bench vise and the culturing armamentaria arranged in such a manner that, during the following procedures, no movements were made directly over the area being cultured.
The buccal mucosa was sterilized with a concentrated alcoholic iodine solution. The mucosa and periosteum were separated from the buccal cortical bone with sterile instruments to within approximately 0.5 cm. of the gingival margin. The separated tissues were removed with sterile scissors or a scalpel. The exposed bony surface was sterilized with a concentrated iodine solution applied with sterile swabs. Control cultures were taken of the sterilized mucosa and buccal cortical bone.
One set of the regular intra-oral dental films was used to localize the apex of the tooth. A sterile No. 700 cross-cut tapering fissure bur was carefully removed with sterile forceps from a small sterile tube. The hub end was inserted in a No. 7 Doriot dental handpiece held vertically to allow the bur to drop into the handpiece by gravity. The handpiece was then steadied by a firm rest on the vise and a small window was cut in the buccal cortical bone adjacent to the apex of the root. The instrument was never held vertically over the area being cultured but always at an angle approaching that of the buccal plate. The accumulated bone dust was flicked off with sterile swabs. The small window in the buccal plate was removed by a No. 18 dental excavator without entering the actual region of the apex. If the bone dust obscured the culturing field it was removed with sterile swabs. A second sterile excavator was used to remove for bacteriological study the material from the alveolar bone about the apex of the tooth. The material was then allocated to the following media: (1) Holman's cooked ground-meat medium, which furnished graded oxygen tension and was especially suited for growing streptococci, (2) beef infusion broth enriched with several drops of defibrinated rabbit blood, and (3) two surface agar plates containing 5 per cent rabbit blood. One plate was placed in a Novy vacuum jar for anaerobiosis. The media were inoculated in the order named.
All media were examined after intervals of 24 and 48 hours and the liquid media showing no gross evidence of growth were incubated at 37°C. for 7 days before discarding. When indicated carbohydrate fermentation reactions and other biochemical tests were made of pure strains. Suspected pneumococcus colonies were always tested by animal inoculation, bile solubility, and with typing sera. Simultaneous post-mortem blood and visceral cultures were taken in many of the necropsies.
Description of Specimen Models
The specimen was removed from the wooden block and an opening made into the pulp chamber of each tooth to allow ready penetration of the fixing fluid. The gross findings of the specimen,-caries, restorations, and gingival conditions-were recorded for each tooth. When accurate records of the gross specimen were desired scale photography was used; otherwise a rough plaster model was made for orientation in the study of the serial histological sections.
Histological Technic
The available technics for sectioning single teeth were not entirely adapted to cutting specimens of the jaws containing the teeth in situ, where accurate anatomical relationship of the enamel cuticle and the gingival crevice and its contents was required. The basis for the procedures used was the combination of the methods of Guild24 and Williams.4' These studies were elaborated by Arnim2 and were directed primarily to the preparation of histological material of the jaw and tooth of the rat. These important advances had to be adapted further to the preparation of the human jaw and tooth.* Material fixed in 10 per cent formalin was divided into "blocks" containing one tooth by means of a thin rotary saw. The specimens were dehydrated in ascending alcohols and ether-alcohol and infiltrated with 1, 3, and 6 per cent Parlodion. They were then imbedded, hydrated, and decalcified in 5 per cent nitric acid. When the specimens were decalcified they were passed through 5 per cent sodium sulphate, washed, and dehydrated using 95 per cent and absolute butyl alcohol. (Parlodion is insoluble in butyl and iso-propyl alcohols.) The "blocks" were placed in 3 per cent Parlodion until the space formerly occupied by the enamel was filled with the imbedding medium, when the Parlodion was gradually hardened with chloroform vapor. The "blocks" were trimmed, cleared in benzene, and infiltrated with 42°C. paraffin for 48 hours. Sections were cut on a heavy sledge microtome at 12 micra, using 70 per cent alcohol on the knife. Every tenth section was mounted without the use of celloidin or oil of cloves, de-paraffinized, and stained with Delafield's hematoxylin and alcoholic eosin. Slides were cleared in beechwood creosote and mounted with balsam. The unmounted sections were stored on the tissue paper used to remove them from the microtome knife.
Selection of Material
The material used in this study was selected according to the possibility of an etiological association of the dental infection with * For detailed technic, see McClung: Microscopical Technique. 1936. the primary illness of the patient. Also, material was obtained in many cases where there was a demonstrable change by roentgenological and clinical examinations without any apparent relation to the systemic condition. In every instance an attempt was made to culture an equal number of control teeth having no apparent periapical roentgenological or gross changes.
The age incidence of the individual in this study is given in Fig. 1 The majority of the cases occurred between the third and sixth decades. A representative group, however, was obtained in the lower and later decades, to allow for a satisfactory study of the dental tissues within this period.
Most of the individuals serving for this study died either from a chronic or an acute illness, although some traumatic accidental deaths were included. The pathological entities, as indicated by the primary anatomical diagnosis, is given in Table I . The actual number of teeth removed, cultured, and with periapical radiolucent areas for each necropsy is shown in Fig. 2 
Methods of Study Roentgenological
All the roentgenological studies were made from the "block" X-rays. The appearance of the interdental crests, the-alveolar bone, and any associated findings were noted. The lamina dura, dental periosteal space, pulp chamber, and canals were objectively described. Nodular calcifications in these latter structures were especially looked for. Restorations and evidences of root canal therapy, as well as radiolucent areas in the crown of the tooth were described. The periapical findings were classified as a slight thickening of the dental periosteum, a small or large diffuse periapical radiolucent area, a small or large localized periapical radiolucent area, or a cystic area.
Bacteriological
The bacteriological findings were recorded separately for each culture medium and included as well the number of colonies observed on the direct blood agar plates. Results of clinical and post-mortem blood and visceral studies were also recorded.
Histological
This series of serial sections afforded an abundance of material for a thorough study of the normal and pathological findings of the human tooth and surrounding structures. For the present study the histological preparations were used solely to determine the relation of the opening made during the culturing procedure to the apex of the root.
(Part 1I of this paper will appear in the issue for March.)
